Paper focuses on comparison between two different orifice plate configurations (plate number 1 and plate number 2) used as cavitating device in the hydrodynamic cavitation reactor for improving pollutant removal efficiencies. Effect of four different parameters such as hydraulic characteristics (in terms of range of flow rates, orifice velocities, cavitation number at different inlet pressures); cavitation number (in range of 5.76-0.35 for plate number 1 and 1.20-0.35 for plate number 2); inlet pressure (2-8 bars) and reaction time (0 to 60 min) in terms of Chemical Oxygen Demand (COD) removal and chlorpyrifos degradation has been studied and compared. Optimum inlet pressure of 5 bars exists for degradation of pollutants for both the plates. It is found that geometry of orifice plate plays important role in removal efficiencies of pollutant. Results obtained confirmed that orifice plate 1 with configuration of 1.5 mm 17 holes; cavitational number of 1.54 performed better with around 60% COD and 98% chlorpyrifos removal as compared to orifice plate 2 having configuration of 2 mm single hole; cavitational number of 0.53 with 40% COD and 96% chlorpyrifos in 2 h duration time.
Introduction
Intensive agriculture has resulted into development of the agro-chemical industries [1] . This has resulted into uncontrolled manufacturing of pesticides (factories area), storage (factories and agricultural area) and uses, especially in lower-income countries [2] . There are different types of stages through which pesticide wastes are formed. It includes manufacturing, use and storage, etc.
Extreme use leads to contaminate water with high concentrations of pesticides [2] ; with number of pollutants being detected in natural water resources [3] . Also, in municipal waste water treatment plants, some products of these hazardous pollutants have been detected [4] . Even if these pollutants are present in very low/less concentrations, they are considered toxic and detrimental [5] . High toxicity and low biodegradability of these products is main concern for the environment [4] . Also they affect aqueous habitats and cause threat to human health [3] and thus their removal from the contaminated water is of high priority [5] .
Chlorpyrifos is the common name for the chemical 0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl)-phosphorothioate. Chlorpyrifos is broad spectrum pesticide, which belongs to organophosphate group of pesticides, and is used world-wide for different applications such as agriculture, pest control, etc. Its wide use has resulted into uncontrolled manufacturing and contamination of environmental matrices. In USA, Dow Chemical Company registered it firstly for use in 1965 [6] . Chlorpyrifos acts against various range of disease causing elements, is used widely in residential and agriculture pest control all around the world. Human exposure to CPF may cause chronic effects such as impaired memory and concentration, headache, confusion, nausea, weakness, etc. [7] [8] [9] [10] . Use of chlorpyrifos causes greater health risk when it exceeds acute exposure levels [11] . It persists in nature for relatively long period due to its physicochemical and structural properties, low volatilization and degradation under aerobic conditions. By comparing risks of CPF, using standard risk quotient approach, results indicates that CPF has second or third highest risk quotient to terrestrial species comparing to other insecticides and first or second highest risk quotient to aquatic species [12] . Thus, effluent comprising this pesticide is procured and chosen as model pollutant in this study.
For achieving effective removal of pollutant, ideal treatment method should be qualified/appropriate, should perceive complete mineralization rapidly and should be suitable for small-scale waste applications [13] . Advanced Oxidation Potential (AOP's) are now-a-days preferred methods in dealing with pesticide degradation [1, 14] . Hydroxyl radicals •OH are second strongest known oxidant only after Fluorine. Use of AOP is advantageous due to fact that it can be produced with number of possibilities as per the specific requirements.
Hydrodynamic cavitation generates •OH radicals and involves the phenomenon that accompanies the flow of liquids through the canals of characteristic variables of liquid. It is helpful/ aiding chemical processes, specifically in technology which deals with mortification/degradation of substances which are harmful for environment and human beings [15] . It progresses in the formation, growth and subsequent collapse of micro-bubbles or cavities occurring in great degree of tiny timeframes (milliseconds) with release of large magnitudes of energy [16, 17] . Treatment of water due to cavitation is mainly caused due to mechanisms of mechanical (e.g., generation of turbulence, liquid circulation currents and shear stresses), chemical (generation of active free radicals) and heat effects (generation of local hot spots i.e., condition of very high temperature and pressure locally) [16] . When local pressure falls below the vapor pressure of the fluid, cavities are created [18] . The radicals produced from hydrodynamic cavitation such as ·H and ·OH can react with pollutants in water to promote degradation of pollutants [19, 20] . Potential applications of use of hydrodynamic cavitation in field of Chemical Processes [18, [21] [22] [23] ; wastewater treatment [24] [25] [26] [27] 
Materials and Methods
Real effluent is procured from one of pesticide manufacturing premises near Surat, India. 
Results and Discussion

Hydraulic Characteristics of Orifice Plates
Inlet pressure P 1 is adjusted and flow is regulated by operating valve V 2 in by-pass line. This results into increase in flow (Q) through main line. It was recorded flow rate increases with inlet pressure by gradually closing by-pass valve (V 2 ). Details of flow characteristics for plate 1 and plate 2 are given in Table 1 . 
Where, P 2 is fully recovered downstream pressure, P v is vapour pressure of the liquid and V is the velocity through orifice holes.
Hydraulics characteristics and cavitational number comparison of orifice plates
As per [29] each flow can be attributed by a cavitation number, irrespective of cavitating or not.
Its value depends on the geometry, fluid, fluid temperature and the velocity of the flow. It is observed that at each studied inlet pressure there is some cavitation number calculated. Also, comments as per earlier literature stating that cavities are generated ideally at conditions C v < 1 does not hold good as compared with study of [29] . Regarding study of cavitation number and inlet pressure; it is observed that, for plate 1, cavitation number reduces from 5.76 to 0.35 and from 1.20 to 0.35 with increase in inlet pressure from 2 to 8 bars for plate 1 and plate 2, respectively. Similar results regarding reduction of cavitation number with increase in inlet pressure from 1-3 bars is also observed by [30] . Fig. 3(a) and (b) elaborates effect of cavitation number in reduction of pollutants from real effluent for plates 1 and 2, respectively. It is observed that pollutant removal increases with reduction in cavitation number up to certain cavitation number and then decreases for both orifice plates. In present case, with reduction in cavitation number from 5.76 to 1.54 and 1.20 to 0.53 for orifice plates 1 and 2, respectively, more number of cavities are generated and they collapse violently generating highly reactive OH• radicals. This results in increase in higher percent degradation efficiency of the reactor.
With further reduction in cavitation number, reactor efficacy in removal of pollutant is decreased as seen in Fig. 7(a) and (b) . This is due to fact that, velocity of solution is increased considerably, which results in carriage of bubbles in downstream side with minimum collision or collapse. As collision or collapse is reduced, it generates very less amount of OH• radicals and forms chocked flow conditions. Thus, in present study, cavitation numbers of 1.54 and 0.53 for plates 1 and 2 respectively are obtained. Particularly, in case of plate 1, cavitation number 1.54 obtained confirms to the comment by [29] , that value depends on the geometry, fluid, fluid temperature and the velocity of the flow. 
Inlet Pressure Effect on Degradation of Chlorpyrifos and COD
As discussed in Fig. 4 , when inlet pressure increases, rate of flow in main line too increases. This increase in flow rate varies for both plates depending upon configuration of each plate. For same inlet pressures of 2 to 8 bars, solution/ liquid experiences different cavitational experience due to variation in flow rates as illustrated in Table 1 . As seen from Table 1 , with increase in inlet pressure, flow rate in main line increases, along with increase in Orifice velocity. This increase in velocity corresponds to decrease in cavitation number. Determination in optimum inlet pressure is essential in gaining maximum benefit from the reactor. From Fig. 4 it was observed that degradation of chlorpyrifos and COD increase with increase in inlet pressure from 2 bars to 5 bars for both the plates at a fixed time interval of 2 h. After this, the degradation efficiency tends to fall or reduce with further increase in inlet pressure. This is due to phenomenon called super cavitation; in which the bubbles generated in hydrodynamic cavitation reactor does not get explode and forms vapour cloud in the line. Thus, in present case, inlet pressure of 5 bars exists for both plate configurations and degradation of CPF. Similar observations of optimum inlet pressure are seen in treatment of brewery spent wastewater [31] ; degradation of organic wastewater [32] ; decolorization of azo dyes [33] . 
Effect of Reaction Time
With closed loop, the solution experiences more cavitational experience with respect to time. It is seen that degradation efficiencies increases with reaction time. Fig. 5 elaborates effect of reaction time in degradation of CPF and COD for both the studied orifice plates for 1 h reaction period. Comparing both the orifice plates for their efficiencies, it is seen plate 1 gives better efficiency, due to more cavitational interaction and violent collapse of cavities, which produce better Hydroxyl Radicals. This excess hydroxyl helps in removing the contaminants in form of COD and CPF removal. It is observed that orifice plate 1 yielded more COD and CPF removal of 58% and 88%, respectively at end of 1 hour. It is caused by enhanced collapse of cavities due to more holes with smaller diameter of holes in plate 1. This high shear zone is evenly distributed in cross section of pipe. It is reported that concentration of alachor decreased exponentially with the reaction time from 0 to 100 min [19] . Rate of Iodine liberation was function of time as reported by [34] . Also, reaction time is important aspect in improved biogas production with help of induced deflocculatio [35] . 
Conclusions
Present work states that recalcitrant compound chlorpyrifos, found in effluent that is generated from pesticide manufacturing can be treated/ degraded with hydrodynamic cavitation approach.
Potential application for its use in field/ site conditions is proved as the reactor gave more than 42% organic contaminant reduction in form of COD, along with harmful recalcitrant compound removal of minimum 90% throughout. By comparing different cavitating devices, it is found that orifice plate 1 with configuration of multiple holes with small diameter yielded maximum efficiency as compared to other plate in all parameters studied. Similar results were found in production of methyl ester [30] ; computational study of different venturi and orifices [36] . constructed. Such types of arrangements can be helpful to achieve different intensities of cavitation, which will be helpful for numerous applications. Also, reactors present tremendous flexibility in terms of the operating (control of inlet pressure, inlet flow rate and temperature) and geometric conditions (different arrangements of holes on the orifice plates). Depending on the type of application and requirements, geometry and operating conditions can be selected in the hydrodynamic cavitation reactor to maximize the cavitational effects at minimum possible energy consumption.
